and diversity of these photoheterotrophic bacteria remain yet poorly understood (Eiler, 2006) . 80
The Mediterranean Sea is an ideal environment for these ecological studies as it offers 81 a range of trophic conditions including extreme oligotrophy, particularly in summer when the 82 water column is strongly stratified (Berman et al., 1985) . While the N:P ratio is close to the 83
Redfield ratio ( 
Temporal Temperature gel Gradient Electrophoresis (TTGE) profiling and analyses 143
One hundred nanograms of each amplified product were electrophoresed along an 8% 144 (wt/vol) polyacrylamide gel (ratio acrylamide to bis-acrylamide 37.5:1) containing 7M urea, 145
1.25X TAE, 0.06% of N,N,N',N'-Tetramethylethylenediamine (Temed) and 0.06% 146 ammonium persulfate using the DCode Universal Mutation Detection System (BioRad, 147
Hercules, CA). Runs were performed in 1.25x TAE at 68 V for 17 h with a temperature range 148 of 66 to 69.7°C and a ramp rate of 0.2°C h -1 . Standard markers were generated with a mixture 149 of pufM PCR products amplified from Erythrobacter longus strain OCh 101 joining tree was first constructed with all the sequences longer than 600 bp and the robustness 188
of inferred tree topologies was tested by bootstrap analysis (1000 resamplings) using PHYLIP 189 (Felsenstein, 1993) . Shorter sequences were aligned as above and added to the tree using 
Statistical analyses 195
The normality of environmental variables was checked using Shapiro-Wilk (Shapiro, 196 1965 ) and Anderson-Darling (Stephens, 1974) For TTGE patterns, pairwise similarity matrices were calculated using the Dice and the Bray-201
Curtis equations for presence/absence and relative peak height data, respectively. 202
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Results

218
Oceanographic context 219
The PROSOPE cruise sampled the highly eutrophic Morocco upwelling off Agadir 220 Plots of the depth variations of environmental variables analyzed along both these 226 transect revealed the complexity of the studied zones in which several physical and chemical 227 gradients were superimposed (Figs. S1a to S1l). Temperature and salinity transects reflected 228 (Fig. S2 ). This analysis allowed separation of the Mediterranean Sea euphotic 244 zone into two distinct layers above and in/or below the DCM, whose discrimination was 245 mainly explained by biological variables and nutrient levels (NO 3 , NO 2 , PO 4 ) respectively. by the inter-correlation of these parameters with bacterial production and cell densities ( Fig.  252 S1 and S2). Deep euphotic waters located in or below the DCM were relatively similar as they 253 with an average of 34± 6 bands in each sample (Fig. 2) . A Mantel test also showed that Bray-263
Curtis and Dice similarity matrices calculated from TTGE profiles were significantly 264 correlated (r=0.748, p<0.05). The hierarchical clustering analysis (HCA) identified four 265 clusters of AAP bacteria ( To obtain two-dimensional-coordinates for samples and to confirm HCA groupings, 277 ordination of Bray-Curtis similarities among sample profiles was performed by non-metric 278 were significantly more similar to each other than to those in or below the DCM (R=0.419, 281 p<0.001). Dimension 1 from the TTGE/MDS analyses was negatively correlated to nutrient 282 variables (NO 3 and NO 2 ). In contrast to dimension 1, dimension 2 co-varied with numerous 283 variables characterizing biological activity (e.g. oxygen, bacterial production, cell densities). 284
Variables significantly related to dimensions 1 and 2 were integrated in a Canonical 285
Correspondence Analysis (CCA) performed from relative intensity of TTGE bands. CCA 286 revealed that more than 50% of the variability of AAP communities was described by the 11 287 selected variables ( 
293
Phylogenetic analyses of pufM genes 294 295
Ten out of the 29 samples were selected for phylogenetic analyses on the basis of their 296 location and the diversity of AAP populations. Of a total of 388 clones analyzed, 44 distinct 297
OTUs were identified after grouping the sequences at 94% nucleic acid sequence similarity 298 (Fig. 4 , Table S1 ). Coverage values (Table 1 ) and rarefaction curves (data not shown) 299 indicated that most of the diversity was detected in most libraries (> 71%). Differences in 300 AAP population diversity were not significant between samples collected above and below 301 the DCM. 302 MDS for AAP populations from the 10 selected samples were performed from Dice 303 similarity matrices for both TTGE and clone library analyses (Fig. S4 ). As also expressed by 304 the significant correlation between Dice similarity matrices for TTGE and clone libraries 305 65m could be due to the low coverage of the clone library (Table 1) . 307
About half of the pufM sequences were less than 94% identical to known sequences 308 (Table S1) Table S1 ) that are mainly found in anoxic environments (Yutin et 314 al., 2007) . 315
Only two sequences, belonging to PROSOPE-48 and PROSOPE-52 phylotypes, were 316 highly similar to that of cultured representatives (Methylobacterium radiotolerans and 317
Erythrobacter longus, respectively). Among the 7 AAP groups recovered from this study, 318 only groups B and K were present in all samples ( respectively. Among gammaproteobacterial sequences, PROSOPE-34, which represented up to 329 20% of the total pufM sequences, dominated at meso-and eutrophic stations while other 330 (groups E and F) clones were only distributed in the nutrient rich coastal waters of the 334
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Phylogenetic composition of populations 402
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